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Abstract
Current postgraduate training is highly specialized and collaborations across disciplines are discouraged by largely incompatible
frameworks, faculty/institutional/international barriers, as well as discipline cultures. Moreover, postgraduate training also
suffers from a lack of engagement from end users and therefore, hampering knowledge transfer to industry and also knowledge
gain from industrial research needs. To answer to this problem, the Centre for Innovation in Carbon Capture and Storage
(CICCS) receiving major funding from the UK Engineering and Physical Sciences Research Council is developing a holistic
approach to develop a postgraduate collaborative training programme that integrates science, engineering and end-users to
facilitate the creativity and innovation of CCS responses to the global warming problem. A market assessment was conducted to
collect data on the potential market for training in CCS. The results of this study are presented as well as the current training,
research and outreach activities of the CICCS.
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1. Introduction
The 2006 Stern Review and the very recent 2007 Intergovermental Panel on Climate Change (IPCC) report
have concluded that there is overwhelming evidence showing that climate change is a serious and urgent issue [1, 2].
Early action is imperative to avoid the worst impacts of climate change and to prevent aggravation of economic
costs. Although policies and economic incentives are needed, rapid implementation of technological developments
are crucial to tackle climate change.
CO2 capture and storage (CCS) technologies are considered an essential bridge between our present fossil
energy and a future renewable/hydrogen based energy, as they have the potential to reduce overall mitigation costs
and increase flexibility in achieving a reduction in greenhouse gas emissions. The development, commercialization
and deployment of CCS technologies are hampered not only by inherent scientific and engineering knowledge gaps,
but also by the lack of educational programs and capacity building.
The development of novel energy technologies is essential to address climate change and energy security. This
development is hampered not only by inherent scientific and engineering knowledge gaps, but also but also by the
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lack of educational programs and capacity building. Current postgraduate training is highly specialized and
collaborations across disciplines are discouraged by largely incompatible frameworks,
faculty/institutional/international barriers, as well as discipline cultures. Moreover, postgraduate training also
suffers from a lack of engagement from end users and therefore, hampering knowledge transfer to industry and also
knowledge gain from industrial research needs. This scenario becomes particularly troubling when dealing with
CCS as the wide deployment of CCS technologies will need to reach across many industrial sectors, disciplines and
boundaries.
To answer to this problem, the Centre for Innovation in Carbon Capture and Storage (CICCS) receiving major
funding from the UK Engineering and Physical Sciences Research Council (EPSRC) is developing a holistic
approach to develop a postgraduate collaborative training programme that integrates science, engineering and end-
users to facilitate the creativity and innovation of CCS responses to the global warming problem.
2. Postgraduate training
A market assessment was conducted to collect data on the potential market for postgraduate training in CCS.
questionnaire were designed to support the survey and a total of 22 companies and organizations were interviewed.
This included power and oil companies; suppliers/developers to the power industry; other industries; government;
associations; and law firms with expertise in energy matters.
Marketing material was designed to support the survey. In order to minimize costs and maximize potential
audience, a web page and used this as the main marketing tool (http://www.nottingham.ac.uk/carbonmanagement).
The questionnaire was posted on the project web page and allowed for on-line submission of answers. A screenshot
of the main web page questionnaire is presented in Figure 1
Figure 2. Screenshot of the questionnaire web page http://www.nottingham.ac.uk/carbonmanagement.
Initially each company was contacted via phone and informed about the project. They were directed to the web
page for additional information and the questionnaire and asked for a suitable time for a follow up call. The
companies preferred to give feedback to the questionnaire as oral interviews and very few filled in the questionnaire
in the web. However the web page was a very important marketing tool and allowed the interviewees to give
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thoughts to the questions prior to the phone call. In the cases of companies where we did not have any prior contact,
several calls were needed to identify the most appropriate contact person at that company.
A written summary was produced for each interview conducted. Some of the positive factors and current
environment can be summarized as follows. Generally CCS is a sector which provides many challenges for
industry, with many issues about technologies and the opportunities that which certain choices will lead to. There is
currently growing interest in building and developing power generation plant which is designed to facilitate later
retro-fitting of CO2 capture equipment: the capture ready option. Where capture ready plant decisions are to be
made, the driver is ensuring that subsequent retro-fitting of capture technology was relatively easy at minimum cost.
The following companies will all have to some degree involvement in or exposure to CCS work:
x Power plant operators and operators of other large combustion plant (iron and steel, refineries, cement works)
x Power engineering companies
x Process engineering companies
x Fossil fuel supply companies
x Offshore engineering & service companies
x Electricity and gas suppliers
x Project developers
All these companies will need sufficient expertise in CCS, and this will generate opportunities for the providers
of information and know-how. This situation will be all the more supported through the quest for know-how from
overseas sources in China and India where the location and growth of plant is also expected to grow at a tremendous
rate. A detailed description of the content and format of the courses will be presented.
3. Interdisciplinary mechanisms
CICCS uses a combination of mechanisms to provide a collaborative active community of engineers, scientists
and users with a flexible environment and required funding structure to deploy science by researching, developing
and networking in different areas of CCS. Two of the mechanisms used at CICCS are described below.
3.1.Hot-houses
In order to identify opportunities from new scientific discoveries in CCS, we use hot-houses, that provide the
environment to encourage people to solve problems creatively by seeking many solutions in an atmosphere that is
visionary, rather than critical and inhibitory. Hot-houses are used as incubators of ideas through planned and ad hoc
activities. Exploration groups of end-users, scientists and engineers participate in hot-houses to identify research
needs and generate ‘blue skies’ ideas in CCS. The most promising (albeit maybe also the most challenging) ‘blue
skies’ ideas identified by the hot-houses as opportunities for interdisciplinary research growth are further explored.
The ‘blue skies’ ideas are then prioritized and developed into small feasibility projects (~3 months). These
feasibility projects are then evaluated and if appropriate developed into a full research programme, where we seek to
leverage additional funding from a variety of sources.
3.2.Interdisciplinary training and education
We offer focused interdisciplinary research and training to the whole academic supply chain (from undergraduate to
postdoctoral). This is a very important component of the Centre, as it is crucial to establish a sustainable flow of
interdisciplinary researchers. These activities are seminal for building relationships and gaining knowledge in new
developments in fundamental sciences or learning new techniques. For this purpose, research and outreach
opportunities are offered to each member of the group and funds are allocated to cover expenses associated with
discipline hopping activities and travel grants (UK and overseas) to spend time with existing or initiate and foster
future collaborations. All the team members are expected to conduct discipline hopping activities to gain from
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contact time with other disciplines, as described below. The outcome of these interdisciplinary education and
training activities will be the formation of a new generation of potential academic, industrial and government leaders
in CCS that will possess a much richer training because of their involvement and participation on the Centre’s
activities.
4. Exemplar research programmes
The major barriers for the wide deployment of CCS technologies are the efficiency of capture and the integrity
of the storage site [3]. The integrity of a site is without doubt the most contentious issue, as policy, regulatory and
public acceptability of CCS will demand storage sites to be permanent, safe repositories. The scientific programmes
of CICCS are at the interface of science and engineering, and international cooperation, to accelerate technological
innovation in this field and lead to a wider deployment of carbon capture and storage. Two of the research
programmes are outlined here.
4.1. Integrating kinetics transecting multiple scales into CO2 storage.
Predicting the time evolution of a systems following injection of CO2 for storage requires a multidisciplinary
approach to study kinetics transecting multiple scales, including experimental work on mineral dissolution rates and
reactive transport models [3-6]. A highly collaborative research team of engineers and international leading
scientists encompassing expertise on chemistry of mineral dissolution and computational, continuum and multiscale
modelling is addressing this challenge. The team works together in scaling issues to exploit complimentary skills:
(i) experimental studies to investigate mineral dissolution/precipitation rates of typical sedimentary formations for
CO2 storage using a reactor design illustrated in Figure 2; and (ii) high-performance computing facilities (including
the University of Nottingham’s high performance GRID system, a 1024 processor HPC cluster that is the second
fastest academic machine in Europe).
Figure 2. Reactor used to obtain kinetic data under real storage conditions.
4.2 Novel CO2 mineral traps.
Permanently trapping CO2 in minerals presents several challenges: (i) high costs associated with the capture step
to produce a pure CO2 stream suitable for storage; (ii) sediments studied are of limited thickness and geographical
occurrence; and (iii) limited studies at conditions relevant to deep saline aquifer carbon storage. The principle of in-
situ trapping includes the formation of solid carbonates that are stable over geological times, as these processes
mimic the naturally occurring weathering of rocks to form stable magnesium and calcium carbonates [6].
Consequently, legacy issues for future generations and the need for expensive monitoring are thereby minimised as
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well as the risk of any accidental release of stored CO2. In-situ traps have therefore the potential to overcome the
contentious integrity challenge of CO2 storage. Recent studies have identified that sulphur bearing gases are capable
of reducing FeIII sediments and lock CO2 into siderite (FeCO3). In other words and from a storage perspective acid
gases can render FeIII sediments (red beds) as suitable permanent CO2 traps. Besides, ferric iron-bearing sediments
exhibit inherent advantages such as widespread geographic distribution, great thickness and high porosity and
permeability.
The objective of this project is to conduct rigorous process engineering experiments with detailed mineral and
solution chemistry in order to provide a more realistic backdrop to the conditions under which mineral trapping
would take place in sediments containing ferric iron. This project is a collaboration with leading modelling
geochemists at United States Geological Survey who have conducted the only thermodynamic studies available so
far on reduction of FeIII sediments by SO2 [7] with expertise on studying conventional in-situ traps, including silicate
minerals [8]. Bioscientists and geographers from Nottingham are also part of this programme to understand the
environmental impact of possible releases of CO2/SO2 mixtures. The outcome of this project represents a new
approach to sequester less-pure CO2 waste streams and could lead to a less expensive or less energy-demanding
process within the broad portfolio of options to tackle the global warming problem.
The experimental work conducted in this programmes aims to assess and identify the conditions under which
mineral trapping would take place in ferric-iron bearing sediments, provided that the injected stream is a CO2-SO2
mixture, as illustrated in Figure 3. The data presented shows that with increasing time there is a higher weight
uptake and the concentration of Fe2+ increases, while the pH remains constant [9].
Figure 3. Effect of time on the dissolution and weight uptake on the reaction of a CO2-SO2 gas mixture with iron oxyhydroxide, goethite
(FeOOH).
4. Conclusions
During the last year, the Centre for Innovation in Carbon Capture and Storage (CICCS) have launched a series
of multidisciplinary projects that involve close collaborations with colleagues in engineering, mathematical sciences,
geography and biology departments at the University of Nottingham and also with international collaborators around
the world. CICCS have engaged with a large number of companies, received additional funding support and also
identified a series of opportunities and mechanisms for postgraduate training in carbon capture and storage.
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